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Abstract— Modern lubricants are careful balance of mineral or synthetic base stock, coupled with oil 
additives to enhance an existing property of the based oil such as oxidation resistance. In used oil analysis, 
nonconforming test data related to lubricant physical and chemical properties; contamination and wear 
debris is frequently encountered. Various oil properties i e. of load carrying capacity and weld point, 
viscosity, TAN, TBN, Total Insoluble and Water Contaminant of various oils or lubricants used for 
various purposes were analyzed. Different processes were used for analysis of lubricating properties.  The 
ASTM performance tests were conducted on the four ball tribotester for comparative study which 
establishes the way that the mechanical solicitations during service life of the oils affect the viscosity 
modification and thus the quality of  the oil performance. However, rests of the properties are calculated 
with the help of kittiwake oil test center. Various lubricating oils (i.e. SAE-10W30, SAE15W40,SAE 
20W40, EP 90, XMP 460, BM 460, TRIBOL 1555/32) were tested for finding out their load carrying  
capacity, weld loads & their various parameters for time duration of 1hour. The results focused on the 
frictional torque, wear scar diameter, friction coefficient and the flash temperature. Following the 
completion of the wear test experiments, the ball wear condition and lubricant properties were observed.  
Keywords— Lubricating oil, coefficient of friction, wear and flash temperature  parameter  
I. INTRODUCTION 
Lubrication, a constituent of tribology, is one of the 
powerful means of reducing frictional resistance of 
surface having relative motion under load. It 
includes both Hydrodynamic and hydrostatic 
lubrication utilizing either liquids or gasses as 
lubricants. It has been established since long those 
surfaces of the bodies are never perfectly smooth. It  
is due to these corrugations that frict ion arises. 
However smooth the surfaces may be seen, friction 
still exists between them.[1].  The act of lubrication 
is to have between the surfaces a layer of a 
different material that reduces the friction force 
between them, either by being softer than the 
surfaces, or by being a coherent liquid lubricant, 
entrained between the two surfaces by their relative 
movement. It has been seen that surfaces of the 
bodies are never been perfectly smooth. It is due to 
these corrugations that friction arises . However in  
smooth surfaces, friction still exists between them.  
For conventional machine elements various types 
of lubricants are availab le and user has to select 
any one of them. In case lubricant does not work 
effectively, the failures may increase. It is essential 
to check the physic-chemical properties of the oils 
while selecting[2]. The physical, chemical and 
mechanical properties not only cause the effects to 
the surface material in tribology behavior but also 
the near surface material. Apart from that, on the 
surface of the huge material, lies a layer formed as 
a result from the manufacturing process. 
The first laboratory test device for determin ing 
lubricant quality was known as fourball tribotester. 
The concept of frict ion for this machine is three 
stationary balls pressed against a rotating ball. The 
quality and the characteristics of the lubricant were 
established by the size of the wear scar or the 
seizure load and the value of friction obtained. The 
main elements of fourball machine are vertical 
driving shaft which hold the moving ball at the 
lower end with conical devices. Besides that, three 
stationary balls which are fixed by a conical ring 
and lock nut are pressed by the moving ball. The 
stationary ball holder is mounted on an axial 
bearing so that it can rotate and displace in the 
vertical d irection freely. In addition, a lever device 
is used to apply load on stationary balls. The 
friction occurring on the fixed stationary balls by 
the rotating ball is transmitted by means of a lever 
to the measuring device. The wear is viewed based 
on the size of the wear scar on the stationary balls. 
12.7mm diameter of balls is usually used. These 
are specially  processed to ensure high dimensional 
accuracy as well as uniform hardness and surface 
quality. The tested lubricant was immersed into the 
stationary balls cup hold with desire volume. Apart 
from that, the speed for rotating ball depends on the 
type of machine and the experiment conditions[3].  
II. EXPERIMENTAL PROCEDURE 
A. Experimental Apparatus: 
In the present work, o il test centre by Kittiwake 
was used to study the oil properties [4]. The 
instrument consist of a console, heated viscometer, 
water in oil test, insoluble’s test, TBN test, TAN 
test, number of reagents. The components surface 
needs to be clean with acetone before the tests. The 
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amount of lubricant in the testsvaries from 1ml to 
10 ml. All various tests were performed as per 
detailed procedure suggested by Kittiwake manual.  
B. Test Lubricants: 
The test lubricants used for this experiment were 
SAE 10W30, SAE15W 40, SAE20W40, EP 
90,XMP 460. BM 460, TRIBOL 1555/32, a turbine 
oil which are high quality mineral oil, suitable for 
the use in wind turbine. These oils provides 
protection against sludge and deposits, resists 
viscosity and thermal breakdown even in 
severeservice, very high resistance against 
oxidation. Hence performance of test have been 
done on these lubricants which help us to get a 
defined and an actual value. The amount for all 
lubricant varies according to the test from 1-10 ml. 
C. Experimental Procedures of oil test center:  
(i)   Viscosity test: Select mode 2 on viscometer, 
with the help of arrow key select the 
temperature 40°, Temperature display flashes 
as viscometer heats the oil, degree symbol 
flashes until the oil temperature stabilizes. 
Tilt the viscometer when prompted, when oil 
temperature is stable the display will show 
viscosity at 40°. 
(ii)  Water in oil test: Select mode 4 on console, 
place the cell on a level surface remove the 
end cap, add Reagent A up to the internal 
lip (20ml), add 5ml of the test oil using the 
syringe provided. Cut the reagent B sachet 
and add it to the cell, place the cell on the 
console and allow reading to stabilize, press 
zero button to zero the reading and start the 
test. Removethe cell from the console and 
shake it for 2 minutes until the display 
reaches 120, then replace the cell on the 
console. The display will read directly  
percentage of water contamination in oil 
sample. 
(iii)  Insoluble test: Select mode 2 on console, 
place the cell onto the console, take the 
insolubles tube and fill with Reagent J to the 
fill line. Gent ly insert the insolubles tube into 
the test cell, shake the sample thoroughly. 
Remove a small volume of oil using a 
disposable pipette provided, return one drop 
of oil to the test tube. Place the cell on the 
console allow any bubble to settle, return the 
tube to the test cell. The display will read  
directly in percentage of insolubles 
contamination of the oil sample.  
(iv)  TBN test:   Select mode 3, add Reagent C to 
the TBN cell until the level reaches the 
internal lip inside the cell bowl. Add test oil: 
New Oil TBN 0-20 add 10 ml test oil. 
Remove the cell from the console and shake 
until the display reaches 120, replace the cell 
onto the console, the display will show 
reference value for the new o il repeat the 
above procedure using used oil. Press enter, 
the display will ask for the reference value 
again press enter the display will ask the new 
oil TBN, press enter to display the used oil 
TBN. 
(v)  TAN test:   Select mode 5, add Reagent D on 
the TAN tube fill it upto the mark. Shake the 
sample thoroughly, remove 1ml oil using 
syringe. Add it to the TAN tube. Now 
carefully fill the 1ml syringe with Reagent E, 
add 1 drop to the TAN tube, shake and place 
the tube back in the TAN cell. Press return 
and enter the syringe reading of Reagent E, 
again pressreturn and the display will show 
the TAN. 
D. Experimental Procedure on Four Ball Tester: 
Four ball tester TR-30L manufactured by Ducom 
India was used to find out wear scar and extreme 
pressure load. The tester unit consists of main body 
in which spindle assembly, AC motor with AC 
drive and loading arrangement are mounted, main  
body is fixed firmly to base plate[4]. The machine 
has a vertical spindle that rotates a 12.7 mm 
diameter male ball chuck with an alloy steel ball at 
1250 rpm. Underneath it, three other identical balls 
that form an equilateral tetrahedron with the first 
ball are clamped together in a pot with a lock ring 
that is filled with the lubricant to be tested. The pot 
is mounted on a disc over a thrust bearing which 
automatically centers the top ball held in the chuck. 
The load is thus evenly distributed over three 
points of contact between the top rotating ball and 
the three stationary balls underneath. Loads in the 
range of  40 kg were applied to the thrust bearing. 
Rotation of the driving spindle causes frictional 
torque, which produces a scar on the three lower 
balls. Tests were carried out according to the 
standard test methods[4]. 
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Fig. 1 n Ball pot assembly and four ball testing 
assembly 
Tests were carried out according to the standard 
test methods for measurement of wear preventive 
properties and extreme pressure properties of 
Lubricating Fluids, using an ASTM D4172 and 
ASTM D2783. New balls were used for each test, 
all pieces and balls were first cleaned with an 
acetone and then carefully dried. The steel ball 
bearings were placed into the oil cup assembly and 
the oil cup was tightened using a torque wrench to 
prevent the bottom steel balls from moving during 
the experiments as shown in fig. 1. The upper 
spinning ball was locked inside the collet and 
tightened into the spindle.The test lubricant was 
introduced into the oil cup assembly. The 
researcher confirmed that the oil filled all of the 
voids in the test cup assembly. The oil cup 
assembly components were installed into the 
frictionless disc in the four-ball machine and, to 
avoid shock, the test load was applied slowly. The 
lubricant was then heated to the desired 
temperature of 75º C. When the set temperature 
was reached, the drive motor, which was set to 
drive the top ball at the desired speed, was started 
as shown in fig. 2. After the 1-h test period, the 
heater was turned off and the oil cup assembly was 
removed from the machine. The test oil was then 
drained from the oil cup and the scar area was 
wiped using a tissue. The bottom balls were p laced 
on a microscope base that was designed to hold the 
balls during microscopic evaluation. On each of the 
three lower balls, two measurements of the wear 
spot were made with microscope. One of which  
was on X-axis direction and other on Y-axis 
direction, the average scar diameters obtained were 
plotted[7]. 
 
Fig. 2—Schematic diagram of the four-ball 
tribotester assembly 
III. RES ULT AND DISCUSSION: 
A Result of  kittiwake oil test center : 
(i)  Viscosity: The result is plotted in graph no. 1. 
Dy namic viscosity is a measure of the 
resistance of the fluid which is formed by 
either shear stress or tensile stress of the fluids. 
It is also known as the internal frict ion of the 
flu ids. A viscometer was used to measure the 
viscosity for both the used and unused 
lubricants. The viscosity of both used and 
unused lubricants dropped as the temperature 
of the lubricant increases. The lesser the 
viscosity of the fluids, the easier the fluid will 
move in the flu ids. 
 
Graph  I     lubricant and viscosity 
 
Graph  I   lubricant and water content 
 
(ii)  Water in oil test: The test result is plotted in 
graph no. 2 is plotted which shows that the 
percentage of water contamination in used 
lubricant is higher as compared to unused 
lubricants. Due to continuous operation of 
automobile the lubricant gets contaminated 
and hence the value of  used lubricant is higher 
than unused lubricant. 
(iii)  Percentage of insoluble: It is hard to store 
reference black o il samples as they can ‘age’, 
due to the particles dropping out of suspension 
or tightly bonding to the storage container. 
However it can be expected that used samples 
will give percentage of insolubles as they are 
continuously heated up due to running of an 
engine and also due to coming in contact with 
air. The graph no. 3 is plotted for showing the 
variation in result. 
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Graph III  s lubricant and percentage of insoluble’s 
 
 
Graph IV . lubricant and tbn 
(iv) TBN Test: The TBN test functions by 
comparing the cell pressure generated by the 
new engine oil (reference sample), to the cell 
pressure generated by the used engine oil. As 
the engine hours build the engine oil TBN will 
slowly deplete giving a lower cell reading. The 
test results show that the value of used oil 
TBN  is lower as compared to new oil TBN as 
shown in graph no. IV. 
(v) TAN test: The TAN test functions by 
accurately measuring the color changes by acid 
in the test oil sample. As the lubricant is placed 
in the automobile the properties goes on 
changing due to continuous heating of 
lubricant. Hence the number of acid present in 
the sample goes on increasing in used sample 
which has been shown plotted in graph V. 
 
Graph V   lubricant and tan 
 
Graph VI     lubricant and density 
(vi)  Density test:  Density is a key property not 
only in lubricants but in all fluids. It is the 
measure of the mass of a substance in relat ion 
to a known volume. For instance, as the 
density of a lubricant increases, the fluid  
becomes thicker. This leads to an increase in 
the amount of time it takes for particles to 
settle out of suspension. The incremental value 
of density in used sample is shown in  the 
graph 6.which is plotted against varying result. 
B.     Result of Four Ball Tribotester: 
In the experimental work, frictional torque, wear 
scar diameter and coefficient of friction test for 
steel ball bearing with two a constant load and 
seven different  oils were tested, using four ball test 
apparatus, under fully lubricated conditions.  
(i) Coefficient of Frict ion: The friction coefficient 
was calculated according to IP-239, and is 
expressed as follows:  
µ= 0.22248 T 
                   W 
where T is the frict ional torque in kg.mm and W is 
the applied load in kg [03]. The frictional torque 
data were recorded by a computer and the friction 
coefficient was calculated. From Fig. , the 
coefficient of friction for used lubricant is observed 
to be higher compared to that for fresh lubricant. 
The coefficient of friction for the contact between 
balls lubricated with used and fresh lubricant 
increased with the incremental increase of the time.  
 
Graph  VII. Types of lubricant and coefficient of 
friction 
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As shown in graph IV the increase in the 
coefficient of frict ion was gradual upto 45 minutes  
and began to fluctuate slightly between 0.0623  to 
0.0906 with increases in time beyond 45 minutes  
for the used lubricant sample. For experimental 
conditions using fresh lubricant, the incremental 
increases of the time did not noticeably increase the 
coefficient of friction [08]. The coefficient of 
friction tested using fresh lubricant fluctuated 
between 0.0510 and 0.0736. 
(ii) Wear Scar Diameter: Table 1, shows the effect 
of load on the measured wear scar diameter for 
both fresh lubricant and used lubricant sample. 
From this table, it is very obvious that the wear 
scar diameter increases gradually with 
incremental increases in the duration of 
lubricant used in the engine. The temperature 
increase contributed to a decrease in the test 
lubricant viscosity. Low viscosity lubricants 
tend to create only a thin film. Increasing 
temperature causes the lubrication film to 
become less stable and eventually to break 
down. As a result, the metal-to-metal contact 
area will increase and produce an increase in 
the wear scar diameter under high pressure 
conditions[09]. Weld Region Formula is used 
for finding out the Minimum Scar Diameter 
(MSD) as follow: 
Min Scar Dia.= Horizontal ( Parallel) reading( 
H.R.)+ Vertical(Normal) reading(V.R.) 
          2  
       M.S.D. = Average readings   in mm 
                             2 
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Graph VIII  .Ttypes of lubricant and wear scar 
The following Fig.8.shows the graph plotted 
Minimum Scared Diameter (MSD in mm) Versus 
types of lubricants. From the graph it is seen that 
the value of wear scar is maximum in used tribol 
1555/32 lubricant which is caused due to viscosity 
of oil decreases as stated in the above p2ragraph 
.For experimental conditions with a 40 kg normal 
load, the worn surface on the ball-bearing 
lubricated with both USED and UNUSED 
lubricants  showed almost similar wear patterns 
with parallel grooves. Some of the grooves were 
deep while others were shallow. This finding 
shows that the dominant wear mechanism was 
abrasive wear (Himmat and Gulat i, 1991). The 
grooves resulted from stiff particles, such as wear 
debris of the oxide layer, or ragged adhes ion. The 
particles contaminated the lubricant and damaged 
the ball-bearing surface[12] 
(iii) Flash Temperature Parameter. A flash 
temperature parameter (FTP) was calcu lated 
for all o f the experimental conditions 
according to Eq.1 . In this equation, W is the 
normal load in kilograms and d is the mean 
wear scar diameter in millimetres at the 
particular load. A detailed explanation of the 
parameter is given by Lane .  
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              FTP =  W           where, W= load in kg  
                            d
1.4     
          d = wear scar dia. In  
mm 
Table  II   Flash temperature parameter: 
S. 
NO . 
Sample 
Flash temperature parameter in 
kg/mm 
  Unused sample Used sample 
1. SAE 10W30 123.07 112.35 
2. SAE 15W40 116.61 115.60 
3. SAE 20W40 112.35 80.64 
4. EP 90 82.47 68.25 
5. XMP 460 113.76 101.26 
6. BM 460 119.40 92.678 
7. Tribol 
1555/32 
72.33 31.25 
High values for the flash temperature parameter 
indicate that the lubricant shows good performance 
with a reduced possibility of lubricant breakdown . 
Table no. 2 shows that, at 40 kg load.. fresh 
lubricant has a higher flash temperature parameter 
compared to used lubricant sample, implying that 
the lubricant layer of used lubricant has a higher 
possibility of breakdown. This result is in good 
agreement with the wear scar d iameter 
measurements, where used lubricant  has a higher 
wear scar diameter compared to the fresh lubricant  
at 40 kg. The maximum flash temperature 
parameter for fresh lubricant and used lubricant oil 
occurred in SAE 10W 30., As shown in graph no. 9 
respectively. 
 
Graph   IX  Types of lubricants and ftp  
IV. CONCLUSION 
In the experimental work, frictional torque, wear 
scar diameter and coefficient of friction test for 
steel ball bearing with constant load of 392.4 N, 
and seven different lubricating oils were tested, 
using four ball test apparatus, under fully lubricated 
conditions. The coefficient of friction, wear scar 
diameter and frictional torque were plotted and 
from that the following conclusions were derived.  
• As the duration of use of oil increases the 
viscosity of oil decreases in case of increasing 
the temperature.  
•  In case of constant load application frict ion 
torque found uniform in nature while at  
fluctuating load application the uniformity is 
not observed.  
• Coefficient of friction is found to be increas ing 
as the duration of lubricating oil used in 
automobile and turbines increases as shown in 
table from table no. 8 to table no. 14.  
• Wear scar diameter found increases  for used 
oil as compared to fresh lubricating oil . Th is is 
due to the fact that at high temperature,  the 
lubricant film formed by fatty acids tended to 
be less stable or was more likely  to break 
down. 
• Abrasive wear was the dominant wear 
mechanis m for both fresh and used lubricating 
oil at all working temperature[2].  
Besides that, from the observation of scar view 
using Confocal microscope, the scar surface of 
balls lubricated with fresh lubricants looks 
smoother than used lubricating oil[3].  
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